Hypertension is a public health priority in developed countries and worldwide, and is strongly associated with increased risk and progression of cardiovascular and renal diseases. A systematic review and metaanalysis were conducted to examine the association between dairy food intake during adulthood and the development of elevated blood pressure (EBP), specifically comparing the association of EBP with consumption of low-fat dairy foods versus high-fat dairy foods, as well as cheese versus fluid dairy foods (milk or yogurt). Seven databases were searched and five cohort studies selected for inclusion, involving nearly 45 000 subjects and 11 500 cases of EBP. Meta-analysis of consumption of dairy foods and EBP in adults gave a relative risk (RR) of 0.87 (95% confidence interval (CI) 0.81-0.94). Separation of high-and low-fat dairy foods, however, indicated a significant association with lowfat dairy foods only (RR of 0.84 (95% CI 0.74-0.95)). Additional analyses showed no association between EBP and cheese, although fluid dairy foods were significantly associated with a reduced development in EBP (RR of 0.92 (95% CI 0.87-0.98)). Little heterogeneity was observed among the data presented. This metaanalysis supports the inverse association between lowfat dairy foods and fluid dairy foods and risk of EBP. Understanding these relationships can aid in the development of public health messages involving dairy foods, and supports current recommendations.
Introduction
With 29% of the world's adult population projected to develop hypertension by 2025, both prevention and management of hypertension has become a public health priority. 1 In the US, in 2003-2006, 32% of non-institutionalised adults (20 years and older) had hypertension, 2 whereas in Australia approximately one-third of those aged over 25 years in 1999-2000 had hypertension or were receiving anti-hypertensive medication. 3 Hypertension is strongly associated with increased risk and progression of cardiovascular and renal diseases, [4] [5] [6] including stroke, coronary heart disease, heart failure and kidney failure. 4, 6 As the mortality risk of cardiovascular disease amplifies across the range of blood pressure (BP), attempts to decrease BP to the normal range are well justified even among pre-hypertensive individuals. 7 Hypertension can be attributed to genetic and environmental factors, as well as to interactions among these determinants. [5] [6] Diet is the strongest environmental factor influencing BP, with reduced salt intake, increased potassium intake and reduced alcohol intake having the largest impact. 6 The Dietary Approaches to Stop Hypertension trial demonstrated that a dietary pattern abundant in fruits, vegetables and low-fat dairy products, in the context of a reduced intake of total and saturated fat, can considerably reduce BP in both normotensive and hypertensive individuals, without concomitant sodium reduction or weight loss. 8 Notably, this diet, which includes dairy products, elicited a more pronounced BP-lowering effect than a diet rich in fruits and vegetables alone. 8 This highlights the potential role of dairy products in prevention and/or treatment of hypertension.
Despite this, previous research examining associations between dairy consumption and BP has shown inconsistent relationships. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] A few crosssectional studies first indicated that dairy intake might be inversely associated with the risk of hypertension, 11, 14, 15 independent of calcium intake. 11, 14 Although supported by data emerging from some prospective studies, 9, 13, 17, 18 here it was unclear whether the reported BP-lowering effect was because of consumption of the dairy food itself or because of nutrient components such as calcium that might readily be supplied from alternate food sources. 15 Furthermore, several other studies have found no significant association between dairy intake and BP. 10, 12, 16 The purpose of this systematic review and metaanalysis was therefore to examine the association between dairy food intake during adulthood and the development of elevated blood pressure (EBP). In particular, comparisons are made between the effects of low-fat dairy foods versus high-fat dairy foods, as well as between solid dairy food (cheese) versus liquid foods (milk or yogurt). To our knowledge, this is the first systematic review and metaanalysis making these comparisons. Understanding these relationships can aid in the development of public health messages to the public, and provide an evidence base for those who provide dietary advice to members of the public. The American Heart Association and the Dietary Guidelines for Americans both recommend including 2-3 servings of non-fat or low-fat dairy products per day.
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Methods
This systematic review to examine the relationship between dairy products and varied health outcomes was a part of the Australian Dietary Guidelines systematic literature review, which was commissioned by the Australian National Health Abstracts recovered from searches undertaken in April and November 2009 were reviewed. The full article was retrieved for all studies investigating the effect of dairy food consumption on EBP or hypertension in adults. Studies on subjects with any acute or chronic medical condition and studies on elite athletes were excluded. Studies examining cow's, goat's or sheep's milk, skim, low-fat, or full-fat milk, yogurt, cheese and custard were included, whereas studies examining ice confections, ice creams, cream, sour cream, butter or eggs were excluded.
Studies examining specific casein proteins (A1 and A2 milks), or milks with added supplements (such as conjugated linoleic acid) were also excluded. Only studies providing level I or II evidence were considered for inclusion. Level I evidence was defined as a systematic review of level II evidence, whereas level II evidence consisted of welldesigned, randomised controlled trials or prospective cohort studies. 21 Only prospective cohort studies with numbers greater than 1000 subjects and with a follow-up period of at least 1 year were considered. All editorials, abstracts, commentaries, case series, cross-sectional studies, case-control studies and retrospective cohort studies were excluded. 21 Codes were used to record study inclusion or exclusion and the reason for exclusion (that is, not a study, not a relevant population, not a relevant outcome or low level of evidence).
Retrieved studies considered suitable for inclusion were read carefully by two investigators (RR and JL). Extracted data included: author affiliation and financial support, study design and setting, type of study intervention, sample size and number of incident cases, characteristics of the study population, dairy food type and amount, outcomes measured and length of follow-up. Internal validity was assessed by examining treatment or measurement bias and the proportion of participants retained during follow-up. The quality of each study was assessed as negative, neutral, or positive using the questions listed in Table 2 . The initial quality criteria were extracted from the American Dietetic Association Evidence Analysis Manual. 22 Control of potential confounders (age, sex, smoking status, socioeconomic status, physical activity, body mass index, energy intake and other diet components, alcohol consumption, ethnicity and nutritional supplement use) was also noted, 23 but control of these potential confounders was not a requirement for inclusion in the meta-analysis.
Reference lists of Level I and II studies retrieved from our search criteria were also examined to further identify studies not retrieved by our searches. Individual cohort studies recovered in this manner were included in the current review if they met the above inclusion criteria. A list of all located citations can be obtained upon request from the authors.
Statistical methods
The association between EBP and intake of total dairy, low-and high-fat dairy, cheese (hard cheese, soft cheese and cheese spreads) and fluid dairy food (milk and yogurt) was examined using meta-analysis. Studies were not included if they examined only calcium or vitamin D intake rather than dairy food intake, and were not included if they reported only BP and not incidence of EBP or hypertension. EBP was defined as systolic BP (SBP) X130 mm Hg and/or diastolic BP (DBP) X85 mm Hg, or use of medications prescribed by a physician to lower BP. 24, 25 In contrast, hypertension is defined as SBP X140 mm Hg and/or DBP X90 mm Hg or use of medications prescribed by a physician to lower BP. 25 The statistical measure for risk of developing EBP was recorded for each individual study, comparing the highest versus the lowest category of dairy food intake. Five separate meta-analyses were conducted for the association of total dairy foods, low-and high-fat dairy foods, cheese and fluid dairy foods, with development of EBP. Allocation of foods into the low-and high-fat categories was completed by the original study authors and varied among studies. Only two studies 12, 26 defined low-and high-fat dairy foods in relation to total fat content; low-fat dairy: milk and milk products with o2.0 g fat per 100 g, cheese products with o20 g fat per 100g; high-fat dairy: milk and milk products with 43.5 g fat per 100 g, cheese products with 420 g fat per 100 g. Another two studies 9, 18 merely outlined foods within the categories; low-fat dairy comprising skim or low-fat milk, yogurt, or cheese; high-fat dairy comprising full-fat milk, yogurt or cheese. Foods included in low-and high-fat dairy are unique from each other, as are foods in the cheese and fluid dairy categories. Two studies included risk statistics separately for milk and yogurt; 16, 18 in each case, both these values were included in the metaanalysis. Analysis of total dairy foods is not a sum of subcategories, but is an analysis of total dairy foods, as reported by the original study authors.
Summary statistics for overall RRs were generated with Review Manager Version 5.0.24 (The Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark), using the generic inverse variance method and the random effects model. In metaanalysis, the weight of an individual study is based on the inverse variance of the effect estimate, meaning a study with a smaller confidence interval (CI) has a larger weight in the calculation of the summary statistic. This is observed in studies with a larger sample size. 27 If an individual study reported a CI that was asymmetrical around the mean, the widest CI was used to calculate the summary statistic. Three studies reported hazard ratios, one study reported relative risk (RR), and one study reported odds ratio (OR). As hazard ratios assess change in risk over time, they can be reported as RRs. 28 ORs and RRs also approximate when the OR is within 20% of 1.0 (in which 1.0 indicates no effect). 29 As the largest OR used here was 1.19; ORs and RRs have been treated as equivalent in our meta-analyses. RRs with 95% CI and corresponding P-values are reported. Heterogeneity between studies within subgroups was examined first qualitatively, then quantitatively by using the I 2 statistic, chosen because it does not depend upon the number of studies in the analysis. 30, 31 Low, moderate and high heterogeneity was defined by an I 2 value of o25, o50 and o75%, respectively. A positive rating was given if yes was answered to questions 2, 3 and 4, and to at least two of questions 1, 5, 6 and 7. A neutral rating was given if yes was answered to only two of questions 2, 3 and 4, and to at least two of questions 1, 5, 6 and 7. A negative rating was given if yes was answered to only three of the questions.
Results Figure 1 illustrates the progression of study selection for the meta-analysis. From the initial search of seven databases in April 2009, seven studies were retrieved on the topic of EBP. Five studies provided only lowlevel evidence, whereas two met the criteria for inclusion in the present review. An additional search of PubMed in November 2009 resulted in 138 citations: two had already been retrieved by the earlier search, 111 met exclusion criteria (described above) and 25 appeared relevant. Of these 25, 9 provided only low-level evidence. Of the remaining 16, 6 were randomised controlled trials, 4 were systematic reviews and 6 were cohort studies. Upon further examination of all retrieved studies, all randomised controlled trials and three cohort studies were excluded. An appraisal of studies reported within the four systematic reviews revealed one additional cohort study that met inclusion criteria. This additional study used the same cohort as one of the studies identified in the April 2009 search, but reported data on the complete cohort rather than only on the overweight participants; thus the study reporting on the overweight participants only was excluded. Overall, we identified a total of five cohorts to be included in our final meta-analysis.
A summary of the five studies included in the meta-analysis is shown in Tables 3 and 4 . These studies include nearly 45 000 subjects (15% men, 85% women) from the United States, Spain and the Netherlands, with over 11 500 cases of EBP. Length of follow-up ranged from 2 to 15 years. Intakes in the highest intake category ranged from 691 to 757 g and 3.4-3.7 servings of total dairy per day, 507-615 g of low-fat dairy per day, 166-272 g of high-fat dairy per day, 0.5-2.7 servings of fluid dairy per day and 0.7-2.1 servings of cheese per day. Standard serving sizes vary among countries; to assist data interpretation, Table 5 compares standard serving sizes for the United States, Canada, Australia and for the United Kingdom.
The results of meta-analysis of the published data examining total dairy, low-and high-fat dairy, cheese and fluid dairy (milk and yogurt) are shown in Figure 2 . Consumption of total dairy foods for the highest compared with the lowest intake category was associated with a significantly reduced risk of EBP: meta-analysis of five studies 9, 12, 16, 18, 26 resulted in a RR of 0.87 (95% CI 0.81-0.94). Examination of the four studies 9, 12, 18, 26 that reported consumption of high-and low-fat dairy food showed a significant association for low-fat dairy only. Meta-analysis resulted in an overall RR of 0.84 (95% CI 0.74-0.95) in subjects consuming high amounts of low-fat dairy foods. Overall the RR in subjects consuming high amounts of high-fat dairy foods was 1.00 (95% CI 0.89-1.11).
Four studies examined specific categories of dairy foods. 12, 16, 18, 26 Between cheese and fluid dairy food, only fluid dairy food was significantly associated with a reduction in the development of EBP. Metaanalysis of these four studies resulted in an overall RR of 0.92 (95% CI 0.87-0.98) in subjects consuming high amounts of fluid dairy foods. Of the two studies that reported two risk estimates for fluid dairy foods (milk and yogurt), the meta-analysis results were similar when only the risk estimates for milk were used. Conversely, the overall RR was 1.00 (95% CI 0.89-1.12) in subjects with a high consumption of cheese. Little heterogeneity was observed among the data presented, indicating that meta-analysis was acceptable (Figure 2 ). Heterogeneity using the I 2 statistic was calculated as 0% for total dairy and fluid dairy and as 11% for cheese (levels accepted as 'low'), but calculated as 38% for low-fat dairy and 27% for high-fat dairy, indicating 'moderate' heterogeneity for these two analyses. 31 
Discussion
This analysis showed that consumption of total dairy foods was associated with a 13% reduction in Cohort studies 6
Excluded studies 3
Excluded studies 6 Systematic reviews 0
Extracted cohort studies 1 Figure 1 Flow diagram depicting selection of studies to be included in final review.
Elevated blood pressure and dairy foods RA Ralston et al the risk of EBP. This association is likely because of consumption of low-fat dairy foods, which were associated with a 16% reduction in risk, whereas high-fat dairy foods showed no association. Investigation of specific categories of dairy foods showed that consumption of fluid dairy foods (including low-fat and full-fat milk and yogurt) was associated with an 8% reduction in risk, whereas cheese consumption did not produce significant results. Although only four studies were included in the meta-analyses for cheese and fluid dairy foods, the statistical power was sufficient to produce a significant result, although the individual studies were too small to achieve this. It is important to note that the amount reported in the highest categories of dairy consumption (usually 42 servings per day) is consistent with current recommendations for 2-3 servings of non-fat or low-fat dairy products per day (Table 5) . 19, 20 These are also consistent with American Heart Association recommendations for saturated fat intake of o7% of total energy intake. 5 Although findings from the Dietary Approaches to Stop Hypertension have pointed to the benefits of low-fat dairy foods combined with a diet high in fruits and vegetables, 8 to our knowledge this is the first systematic review and meta-analysis to make Includes milk, yogurt, coffee creamer, curd, pudding, porridge, custard, and whipped cream.
Elevated blood pressure and dairy foods RA Ralston et al comparisons between low-versus high-fat dairy foods and cheese versus fluid dairy foods. There are many beneficial components of low-fat dairy foods that may contribute to their protective effects, including minerals such as calcium, 32-34 magnesium 35 and potassium, 36 vitamin D in fortified dairy foods 37 and bioactive milk peptides. 38, 39 Calcium is well understood to have a role in the protective effects of low-fat dairy foods; two independent meta-analyses of randomised controlled trials, 33, 34 as well as a follow-up analysis 32 showed that calcium supplementation resulted in small, significant reductions in SBP, but had no effect on DBP. 33, 34 Because the association between BP and dairy foods is much stronger than the association between BP and calcium intake, it has been suggested that components in dairy foods other than calcium must also have an important role. 9, 33 This is supported by findings that dietary calcium, but not calcium supplementation, was associated with reduced risk of hypertension in the Women's Health Study. 18 For example, components raising recent interest are the lactotripeptides, bioactive peptides released from dairy foods after fermentation during food processing or digestion in the small intestine. These peptides are thought to inhibit the action of angiotensin I-converting enzyme, thereby preventing blood vessel constriction. [38] [39] There are many reasons why an association was found between EBP and low-fat but not high-fat dairy foods. It is possible that when consumed with fat, the bivalent cations of calcium and magnesium bind to fatty acids in the small bowel, forming insoluble soaps that are not absorbed by enterocytes. 9, 40 Alternatively, the high-saturated fat content of high-fat dairy foods might counteract the beneficial effect of the other components of dairy foods, 6 negating the association. In addition, subjects with a higher consumption of low-fat dairy foods tend to have a healthier lifestyle. Two of the included studies found direct correlations between high consumption of low-fat dairy foods and fruit, vegetable, and whole-grain consumption, potassium, calcium, vitamin D, and fibre intake, and physical activity, and inverse correlations with tobacco smoking and alcohol, saturated fat, and cholesterol intake. 9, 18 Although these studies attempted to control for such confounders, it is possible that residual confounders may still interfere.
The average serving size of 240 g of milk and 40 g of cheese provide similar amounts of energy, but very different amounts of saturated fat and minerals. This may in part explain why a significant association was observed between EBP and consumption of fluid milk but not of cheese. Compared with full-fat cheddar cheese, one serving of full-fat milk and one serving of low-fat milk (o2% fat) provide approximately half and one-third as much saturated fat, respectively, 41 possibly negating the beneficial effect of cheese as a dairy food. In addition, the higher potassium and lower sodium content of milk and other fluid dairy foods compared with cheese could in part explain the lack of association observed between BP and cheese consumption. Dietary potassium has been reported as inversely related to hypertension in population studies, and an adequate potassium intake can reduce the increase in BP associated with sodium sensitivity. 36 Most studies included in the systematic review reported that an intake of X488 g of dairy foods per day, provided at least 550 mg calcium (assuming milk is the primary dairy food consumed). Examining country-specific recommendations for dairy food intake (Table 5) , all milk recommendations provide at least this level of calcium. For yogurt and cheese however, intakes with 4550 mg calcium are provided only by the US recommendations. Owing to the small recommended serving size for yogurt in Canada, Australia and in the UK, if yogurt is the only source of dairy and these recommendations are adhered to, then only 350-450 g yogurt will be consumed per day providing only 318-411 mg calcium. Similarly, the recommended serving size of cheese in Canada, Australia and in the UK provides for a calcium intake of o550 mg per day. The positive quality of the included studies (that is, meeting most/all quality criteria (Table 2 ) is a strength of this systematic review. Although three studies were of positive quality and two studies were of neutral quality, the only factor that lowered the quality of the two neutral studies was recruitment of study participants. One recruited only Figure 2 Forest plot of prospective studies examining the association between total dairy, low-fat dairy, high-fat dairy, cheese and fluid dairy foods and risk of elevated blood pressure (EBP). Abbreviations: RR, relative risk; CI, confidence interval. a EBP was defined as systolic blood pressure X130 mm Hg, diastolic blood pressure X85 mm Hg or use of medications prescribed by a physician to lower blood pressure.
b Study reported a CI that was asymmetrical around the mean; therefore, the widest CI was used to calculate the summary statistic. Study's outcome measure was HR, but study reported RR. f Study reported odds ratio (OR). ORs and RRs are approximately the same when the OR is within 20% of 1 (with 1 indicating no effect). 29 The largest OR used in the analysis was 1.19; therefore the OR is reported here as RR.
Elevated blood pressure and dairy foods RA Ralston et al health professionals 18 and the other recruited only nurses and university graduates, 9 resulting in educated cohorts of higher socioeconomic status and with greater health interest. All included studies adjusted for the following confounding factors: age, gender, body mass index, smoking status, alcohol consumption, total energy intake and consumption of the major food groups. However, two studies did not adjust for physical activity 12, 26 and three studies did not adjust for socioeconomic status 9, 16, 18 ethnicity or nutritional supplement use. 9, 12, 26 All high-quality systematic reviews have the capability to reduce bias through their methodical process. 42 In addition, the statistical power of cohort studies might be increased through use of metaanalysis. The search strategy used in this review was approved by the Australian National Health and Medical Research Council Dietary Guidelines Working Committee and was very comprehensive, including seven different databases. The methods of study selection were unbiased, and inclusion criteria were predetermined. Only moderate-tolarge cohort studies were included in the metaanalysis, minimising the introduction of smallstudy bias. A set of predetermined questions was used to assess quality, additionally minimising bias. 43 The quality assessment, data extraction and analysis methods were appropriate and can be reproduced.
This review also has limitations. It includes only studies published in English, and made no investigation to recover unpublished studies. 44 Restriction to studies in English might overestimate the effect only by around 2%. 44 As in each individual study, the highest category of dairy food intake was compared only with the lowest category of intake, it has not been possible to determine the lowest intake of fluid dairy or low-fat dairy foods that provide protection against EBP. Diversity of study populations, study design and biases in the original publication are concerns in all meta-analyses of prospective studies. However, heterogeneity was assessed both qualitatively and quantitatively, with the I 2 statistic showing only low-to-moderate heterogeneity for included studies. One example of heterogeneity is the outcome measure-one study 16 defined EBP as SBP 4130 or DBP 485 mm Hg, whereas the other four studies defined hypertension as SBP 4140 or DBP 490 mm Hg. Therefore, we report only EBP and not hypertension. In addition, one study cohort 18 included in this meta-analysis was much larger than the other studies, resulting in a larger weight in the calculation of the summary statistic. Therefore, any biases or inaccuracies in this study are carried through to the summary statistic. Although few studies have been analysed, it can be noted that the World Cancer Research Fund advises use of meta-analysis from as few as two cohort studies. 23 Nevertheless, the limitations raised should be considered when interpreting the summary statistic.
In conclusion, this meta-analysis of nearly 45 000 subjects supports an inverse association between low-fat dairy foods and fluid dairy foods and increased risk of EBP. These findings can be used as an evidence base for dietary guidance, and support the current recommendations in the United States, Canada, Australia, and in the United Kingdom that adults should consume 2-3 servings of low-fat dairy products per day. 19, 20, 45 Considering calcium content and risk of EBP, some recommended serving sizes might need to be reconsidered.
